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(1) GM Mexico "Intelligent Building Systems", EDS, cited in:
www.hmaconsulting.com/docs/news/GMMEDSMexico.pdf

(Y) SCIMITAR SECURITY, cited in: www.scimitarsecurity.co.uk

(¥) http://www.arabtron.com:A+ /page.pgp?id=AT¢Y

(£) Diong, Ck (¥ ynd July Y+ +£) " Servicing & Maintenace of Fire Alarm Systems" Devices World Sdn. Bhd, Paper
presented at IEM/ MEPA Seminar on Fire Alarm and Detection Systems Kuala Lumpur Golf & Country Club (
KLGCC),YY™ July Y+ + £
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(Y) Intelligent fire alarm Panel, NOTIFIER FIRE SYSTEMS, cited in: www.notifier.Iltd.uk
(Y) ANALOG, ADDRESSABLE FIRE ALARM SYSTEM, A Tyco INTERNATIONAL LTD. COMPANY, cited in:
http://www.grinnellfire.com
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(V) FIRST VISION NOTIFIER by Honeywell, cited in: notifier.com
(Y) Smoke detector, cited in: http://en.wikipedia.org/wiki/Smoke_detector
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(Y) Carbon monoxide detector, cited in:http://en.wikipedia.org/wiki/carbone_monoxide_detector
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(V) Life safety solutions protecting every single asset, Y+ +V Johnson Controls, Inc, cited in:

www.johnsoncontrols.com
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(V) Luk, Alex (September Y+ +¥),"Intelligent Fire Alarm, An overview of Intelligent Fire Alarm System", MK Electric
(China) Ltd,
(Y) Fire suppression system, cited in: http://en. Wikipedia.org/ Wiki/Fire_suppression_system
(Deluge systems, Dry pipe systems Wet pipesystems, Pre-Action Systems sprinkler systems) el (s ()
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(°) Fire sprinkler system, cited in: http://en. Wikipedia.org/wiki/SprinklerSystems
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(V) Fire Safety Equivalency System, in: http://en. Wikipedia.org/wiki/Fire-Safety-Equivalency-System
(Y) Fire Sprinkler system, cited in: http://en.wikipedia.org/wiki/Sprinkler-system

(¥) Heat detector, cited in: http://en.wikipedia.org/wiki/Heat-dector

(£) SCIMTTAR SECURITY, cited in: www.scimitarsecurity.co.uk
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(V) YIYY+ FIRE DETECTION AND ALARM SYSTEM, CAMPUS STANDARDS AND DESIGN CRITERIA UNIVERSITY OF
CALIFORNIA SANTA BARBARA, (AUG Y+ +©)

(Y) SIMPLEX FIRE DETECTION AND ALARM SYSTEMS FOR FACILITES LARGE AND SMALL SIMPLEX PROVIDES THE
BEST FIRE DETECTION AND ALARM SOLUTIONS, cited in: www.simplexnet.com
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HWVAC

Evaluate the benefits of the following HVAV features where

0 = no benefit 2 = operational benefit 4 = cost and operational benefit

1 = possible benefit 3 = cost benefit S= “must have”
Ability to permit individual occupants to adjust
workspace temperatures 0 1 2 3¢ 4@ S5O
Ability to monitor temperatures and adjust them
according to user profile o 1 2c 3¢ 4 5C
Ability to adjust indoor air quality based on room
cccupancy and building standards 0o 1c 2o 3@ 40 S5O
Ability to adjust humidity, temperature and air flow — — — — —
speeds 0 1 2 3 4 5
Ability to use variable air volume or constant volume 0 1¢c 2c 3¢ 40 56
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THE IBI ARITHMETIC
K.C. Wong

Like a typical school examination, the conventional method of assessing performance is
based on a linear marking scheme: for example, 20% for Section A and 80% for the rest.

This linear method is simple, easy to use, and makes good common sense.  Yet it suffers a
major drawback. A student completely ignorant of the smaller Section A could perform
reasonably well overall. Weighting Section A equally against the rest of the paper, say at
50/50, could rectify this drawback superficially. But still, a well-balanced student who
scores 30 in Section A and 30 in the rest, may score same overall of 60, as a relatively
specialised student (who scores 10 in Section A and 50 in the rest, for instance). In addition,
Section A’s syllabus may be too small to weigh 50 in the first place.

Let’s now go back to our business of building performances in the following numerical
example.

Table1  Varying building performances scoring the same overall un-weighted average

I I i v \Y
Module x Module y X+Yy 2X+y 21
2 3
Working | Environmental | Un-weighted | Linearly | The IBI:
Efficiency | Friendliness Average Weighted | Weighted
Average | Geometric
Weight: 2 | Weight: 1 Mean
A. Smart
Tower 70 50 60 63.3 62.6
B. Balanced
Building 60 60 60 60 60
C. Mechanical | 44, 20 60 73.3 58.5
Plant
D. Tree H
reeriose oo 100 60 46.6 34.2

Consider, for the time being, only two elements in the 1BI: namely working efficiency and
environmental friendliness. Table 1 shows four buildings, performing very differently in
terms of efficiency and environmental friendliness, yet scoring the same overall
un-weighted average. Despite variances in performances in these two elements, (columns
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I and 11 in the above table), all four buildings, A, B, C, and D, score the same un-weighted
average of 60 (column I111). To come up with an IBI, it’s clear that we need much better
information than these un-weighted averages.

To rank the buildings by their IBIs, and considering that efficiency is an essential element
of an IB, we may assign heavier weights to efficiency than to environmental friendliness:
say 2 to 1 in favour of efficiency. As a result, the linearly weighted average (see column 1V)
would award heavily an out-performer in efficiency. Building C, the Mechanical Plant,
would therefore be ranked highest.

Although an intelligent building should emphases efficiency, ranking an environmentally
‘unfriendly’ building (scoring only 20 in the environmental variable) as ‘most intelligent’ is,
after all, an embarrassing result to announce.

Say if the IBI assessor’s best judgment of these buildings is, in descending order: A, B, C,
and D, then the question is: is there a systematic way to map the individual scores ¥, y, and
their respective weights, to this preferred ranking?

The economist’s answer would be the Indifference Curves Analysis in Utility Theory. This
theory analyses consumer preferences, and has been developed over a century. One of the
hypotheses in this theory is the Principle of Diversity in Consumption (or sometimes
known as the Convexity Postulate). Broadly speaking, it basically presumes that in
general terms, consumers rank balanced consumption bundles higher than imbalance
choices. Simple as this may sound, the actual calibration of these choices is a
controversial subject in its own right.

For the simple purpose of mapping the ranking to individual scores and their weights, the
Cobb-Douglas utility function is a sufficient tool. Adapting this function to our specific
purpose, we may define the overall IBI as:
M _ W
| = M1Wl+...+W9 M9W1+...+W9
1)
1<1<100; 1<M,;<100; and 9>w,>1 fori=1...9

where;
M is the score of the ith module (e.g. M 1 = the Green Index); and
w; is the ith module’s weight (or importance) relative to other modules, and
preferably a positive integer.
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One may see from this formula that I is a weighted geometric mean of the individual
module scores, which are themselves weighted exponentially by their relative importance.

In our simplified example of Table 1, two modules are combined to an IBI, which is found
in accordance with the preferred ranking A, B, C, and D.

The following shows how a similar formula is used to assess the individual module’s scores,
M; :

W, W,

A
()
=Y W.AW W+ AW,
M. =X v X :

where ¥; is the score of the ith element and there are n elements; and
wi; is the ith module’s weight (or importance) relative to other modules.

In the following sections, we’ll see that the Green Index, M;, considers 67 elements. The
scores of these 67 elements and their respective weights are combined to give a Green
Index using equation (2). Other indices, M,... Mg and their respective weights are
combined to My using equation (1), to give an overall IBI.

Is this method perfect? No method is perfect. Yet, as in many other methods of
assessment, this method can be improved from time to time. The number of modules, and
their respective weights, can be adjusted to reflect a better judgment. The intended
contribution of the proposed method is that it addresses the fundamental problem of
imbalance performance under linear methods.

Under the current proposed method of the IBI, we still have to agree the modules, the
relevant elements comprising the modules, and their respective weights. Such agreements
are by no means final. Yet in the mean time, the IBI provides a systematic assessment of
building performances. The method is clear and transparent, and nevertheless capable of
future improvements.  This would serve as an indicator of building quality. After all, the
IBI is designed to promote qualities in the construction and management of buildings.
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THE KEY SUMMARY

Wy Wo

| M, " M, T
- 1 9

9

= M
— i
i=1

Summary Table 1 The overall 1BI of a building: |

M = The Green Index w; = Weight of M,

M, = The Space Index w, = Weight of M,

M3 = The Comfort Index w3 = Weight of M3

M, = The Working Efficiency Index wy = Weight of M4

Ms = The Culture Index ws = Weight of Ms

Ms = The High-tech Image Index ws = Weight of Mg

M- = The Safety and Security Index w7 = Weight of My

Mg = The Construction Process and
Structure Index

wg = Weight of Mg

Mgy = The Cost Effectiveness Index Wg = Weight of My

where 1<1<100; 1<M, <100;and 9>2w, >1,for i=1...9

Summary Table 2 Priority of Modules

Type of Building PL | P2 | P3| P4 |P5]|P6|P7|P8| P9
Hospitals M1 | M7 | M3 | M4 | M9 | M2 | M5 | M8 | M6
Weighting 9 8 7 6 | 55| 5 2 |15] 1
Residential Buildings M3 | M5 | M7 | M1 | M4 | M9 | M2 | M8 | M6
Weighting 9 8 7 165165 3 2 |15] 1
Commercial (office) Buildings | M4 | M2 | M9 | M3 | M1 | M7 | M6 | M5 | M8
Weighting 9 |[85| 8 |75| 7 |65 6 6 3
Transportation Terminals M7 | M3 | M1 | M6 | M4 | M9 | M8 | M2 | M5
Weighting 9 |88 8 7 6 6 4 3 2
Educational Institutions M4 | M7 | M2 | M5 | M9 | M1 | M3 | M8 | M6
Weighting 9 [ 88|85 |82 8 7 65| 6 5
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Summary Table 3 The individual indices: M;... Mg

Wi

Ml — X 1 Wyt...+We7 L X 67 Wit...+We7

W.

67
67 > w,

— H Xik=1

i=1

We7

e.g. The Green Index, M1, composed of 67 elements

X1 = The 1st element of Green Index

wy = Weight of x;

Xe7 = The 67th element of Green
Index

We7 = Weight of Xg7

where  1<x, <100 and 9>w, >1

Summary Table 4 Rankings by IBI performances
IBI Score Ranking Description
80 - 100 A Distinction Building
60-79.9 B Credit Building
50 -59.9 C Satisfactory Building
35-49.9 D Fair Building
1-34.9 E To be improved

Note: Whenever a measurement is required for the purpose of assessing a score, 5
measurements should be taken at different spots randomly selected within the
building. The average of these 5 values so obtained would then become the basis for
assessing the score of an individual element.
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How is an overall IBI calculated?

A work example: the AlIB Office Tower (hypothetical)

W
| = Ml\/\/_|_+...+W9 |\/|9Wl+...+vv9
Assessment * Weights
M = The Green Index 68 w; = Weight of M, 7
M, = The Space Index 73 w, = Weight of M, 8.5
M 3 = The Comfort 75 w3 = Weight of M3 7.5
Index
M 4 = The Working 82 wy = Weight of My 9
Efficiency Index
M s = The Culture 74 ws = Weight of Ms 6
Index
M ¢ = The High-tech 69 ws = Weight of Mg 6
Image Index
M 7 = The Safety and 71 w7 = Weight of My 6.5
Security Index
M g = The Construction 66 wg = Weight of Mg 3
Process and
Structure Index
Mg = The Cost 79 Wg = Weight of My 8
Effectiveness
Index
W, + ...+ W, 61.5

* Refer to Summary Table 2: Weightings for Commercial (office) buildings

The Overall IBI of AlIB Office Tower:

7 8.5 7.5 9 6 6 6.5 3 8

| = 68615736157561582615746156Q615716156661579615 = 73,77
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How is an individual index calculated?

e.g., Work Example: The Green Index, M;, of the AlIB Office Tower
(hypothetical)

e.g. The Green Index, My, is composed of 67 elements: X1, Xz, ..., Xe7

W Ws7

Ml — X1 W, +.. +Wg7 X67 W, +.. +Wg7

Assessment * Weights
(say)

X1 = The 1st element of wy = Weight of x;

Green Index: 74 9

The existence of green
features

X2 = The 2nd element w, = Weight of x;

of Green Index: 69 9
Lifts and escalators:
energy consumption

Xg7 = The 67th element We7 = Weight of Xs7
of Green Index:
Special features 65 7

recommended by the
assessor

W, + ...+ Wy 305

*Refer to p.35 onwards: Weightings of individual elements for the Green Index

The Green Index of AlIB Office Tower:

9 2 7

M, = 743056935, 65%0° = 68.63
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The nineties in the past century had witnessed the beginning of a new phase of the
rapid increase in the rate of the happening development in the field of computer and
the interference of its techniques in the different life fields. Also , terms which express
the trends of this development in different fields had appeared as " The digital
Revolution " at the late nineties in the past century , and the current "digital
communications revolution " .

Thus, all of those trends were named "The digital Revolution™ which had affected in
somehow on all the life fields and of course the related ones of them to the
architecture and urbanization field.

One of the results of this influence was the appearance of the term "Smart / Intelligent
Architecture” which relates the architecture field with the field of the smart
techniques of the computer.

Intelligent / Smart Architecture means the use of special electronic systems in the
operation of some parts of the building and controlling some systems which are
included in the building as lighting , conditioning , airing , energy , etc. So, that makes
it is necessary for the architect to be fully recognized and knowledgeable with the
most modern techniques to be able to use them in the design process and the
establishment of the different buildings and projects.

Also, the creation of the current architect should not be limited to architecture only,
but rather in the way associating the different technological systems of the building,
that he put the idea of applying various control programs by the use of computer, for
realizing some certain thought in the process of the building operating and running,
and of course that is reflected on the design process in all of its phases.

However, the used technical systems were various and that helped in increasing the
efficiency of the building as (warming, conditioning, safety, lightening, water
systems, maintaining the environment). Also , the systems of their administration
systems were various for saving the used energy in their operation , and to let the
equipments interact with the users and meet their needs , which led at the cooperation
of the different modern technical specializations and the appearance of a number of
the international centers which care with satisfying the market needs from researches

and development in the field of the various systems and coordinating them , and




e RESEATCH SUMMATY vt e e sr e e ser s s e

making them easy to be controlled and managed . This led at the appearance of the
(Smart Building) phenomenon or it is that whose systems are operated via automatic
previous programs.

However, along with those developments, a great increase had occurred in the
awareness with the problem of the happening decrease in the energy resources
internationally .We can say that the energy did not play in the past ages the same role
as the important one which it currently plays in all the life fields which affect the
change and development the nations directions towards getting them and following
their resources and concentrating the studies on the way of maintaining them.

The buildings and constructions sector is considered from the greatest sectors which
use the energy amongst the vital sectors in any society, especially the field of
conditioning the internal holes and that led the parishioners in the buildings to create
new trends for decreasing the energy and improving the thermal performance of the
buildings and that was called " Low energy Architecture " as one result of those

trends.
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Thus, all of those trends were named "The digital Revolution™ which had affected in
somehow on all the life fields and of course the related ones of them to the
architecture and urbanization field.

One of the results of this influence was the appearance of the term "Smart / Intelligent
Architecture” which relates the architecture field with and the field of the smart
techniques of the computer.

Intelligent / Smart Architecture means the use of special electronic systems in the
operation of some parts of the building and controlling some systems which are
included in the building as lighting , conditioning , airing , energy , etc.

So, that makes it is necessary for the architect to be fully recognized and
knowledgeable with the most modern techniques to be able to use them in the design
process and the establishment of the different buildings and projects.

Also, the creation of the current architect should not be limited to architecture only,
but rather in the way associating the different technological systems of the building,
that he put the idea of applying various control programs by the use of computer, for
realizing some certain thought in the process of the building operating and running,
and of course that is reflected on the design process in all of its phases.
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making them easy to be controlled and managed . This led at the appearance of the
(Smart Building) phenomenon or it is that whose systems are operated via automatic
previous programs.

However, along with those developments, a great increase had occurred in the
awareness with the problem of the happening decrease in the energy resources
internationally .We can say that the energy did not play in the past ages the same role
as the important one which it currently plays in all the life fields which affect the
change and development the nations directions towards getting them and following
their resources and concentrating the studies on the way of maintaining them.

The buildings and constructions sector is considered from the greatest sectors which
use the energy amongst the vital sectors in any society, especially the field of
conditioning the internal holes and that led the parishioners in the buildings to create
new trends for decreasing the energy and improving the thermal performance of the
buildings and that was called " Low energy Architecture " as one result of those

trends.

This Study has included Five chapters as following:

Chapter Y: Intelligent Architecture-Theoretical Background
Chapter Y: Systems and technologies of intelligent buildings
Chapter Y: Methodology for the standards and terms of smart buildings evaluation in

Egypt.
Chapter ¢: The application of the proposed methodology to a group of smart buildings

in Egypt.
Chapter ©: Conclusion
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techniques of the computer.

Intelligent / Smart Architecture means the use of special electronic systems in the
operation of some parts of the building and controlling some systems which are
included in the building as lighting , conditioning , airing , energy , ..etc. So, that
makes it is necessary for the architect to be fully recognized and knowledgeable with
the most modern techniques to be able to use them in the design process and the
establishment of the different buildings and projects.

Also, the creation of the current architect should not be limited to architecture only,
but rather in the way associating the different technological systems of the building,
that he put the idea of applying various control programs by the use of computer, for
realizing some certain thought in the process of the building operating and running,
and of course that is reflected on the design process in all of its phases.

However, the used technical systems were various and that helped in increasing the
efficiency of the building as (warming, conditioning, safety, lightening, water
systems, maintaining the environment). Also , the systems of their administration
systems were various for saving the used energy in their operation , and to let the
equipments interact with the users and meet their needs , which led at the cooperation
of the different modern technical specializations and the appearance of a number of
the international centers which care with satisfying the market needs from researches

and development in the field of the various systems and coordinating them , and
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making them easy to be controlled and managed . This led at the appearance of the
(Smart Building) phenomenon or it is that whose systems are operated via automatic
previous programs.

However, along with those developments, a great increase had occurred in the
awareness with the problem of the happening decrease in the energy resources
internationally .We can say that the energy did not play in the past ages the same role
as the important one which it currently plays in all the life fields which affect the
change and development the nations directions towards getting them and following
their resources and concentrating the studies on the way of maintaining them.

The buildings and constructions sector is considered from the greatest sectors which
use the energy amongst the vital sectors in any society, especially the field of
conditioning the internal holes and that led the parishioners in the buildings to create
new trends for decreasing the energy and improving the thermal performance of the
buildings and that was called " Low energy Architecture " as one result of those

trends.

Statement of the problem:

Delayed of Egyptian architecture for the world, and the lack of interest to take
advantage of smart architecture applications in the creation of advanced technological
buildings which compatible with the surrounding environment, and thus the lack of
standards and the foundations for the implementation of smart buildings which can
be used in creating smart new buildings or to judge the quality and effectiveness of

existence smart buildings.

Research hypothesis:

Through previous offer of the research problem there are two hypotheses in the form
of research questions which study seeks to answer them with a view to prosecution or
defense:

V. Is it possible to reach a proposed methodology for the implementation of the
standards and foundations of intelligent buildings fall under multiple and different
visions, which care with the concept and what the smart architecture is, and take into
consideration the data of local realities, its requirements, and challenges?

Y. Does this methodology can be applied to smart buildings in Egypt?
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research importance:

The importance of this research is that the subject of study is iomportant and vital
theme time in this day and age and that by trying to deepen the understanding of the
foundations of buildings compatibility with the surrounding environment on the one
hand, and the possibilities of application and employ smart automated computer
techniques in the field of architecture and product architecture on the other hand, in

order to upgrade the architecture environment and solve existing problems in it.

Objectives:
Reaching a methodology for the evaluation criteria of smart buildings which is
compatible with the local environment, and it can be used when creating new

intelligent buildings, and can be applicable on a group of existing smart buildings in

Egypt to see their shortcomings and to judge the quality and effectiveness of it.

Research Methodology:

To reach the objectives of the research and prove hypotheses, the research follow
these-methodologies:

V. Review the concepts and principles of smart architecture. (Inductive approach)
Y. Analysis of Smart Architecture attributes through the recognition of smart systems
that achieve these features, including the conclusion of these measuring systems
standards. (Curriculum and descriptive analytical approach)

Y. study and analysis of a range of global evaluation systems and a comparison of
these systems then analyzed through tables and graphs to get to the similarities and
differences between systems and each other. (Comparative analytical approach)

¢. Reach to the methodology for implementation of standards and the foundations of
smart buildings in Egypt which is compatible with the local environment. (Deductive
approach)

°. apply the proposed methodology on a group of existing smart buildings in Egypt
(analytical deductive approach)

Research structure and components:

To answer the questions of the study and to refute or prove its premise and achieve
their goals, the research study based on three axes, theoretical study , analytical study,

and applied study, the study consists of five chapters are as follows:
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First: The Theoretical Method

Chapter Y: Intelligent Architecture-Theoretical Background

The chapter starts with providing the most important definitions and components of
human intelligence, followed by concepts and visions regarding what the smart
architecture, origination and development, knowledge of smart architecture features,
and a number of models that have been able to apply theses theoretical smart
architecture.

Chapter Y: Systems and technologies of intelligent buildings
In this section is the study of systems and techniques of smart buildings and in two

chapters, the first dealing with them multiple classifications techniques smart
buildings and determine the proposed classification that has been relied upon in the
development of the proposed assessment methodology, in Part Ill, where are
presented classifications of these techniques and knowledge of the opportunities
offered by this technology and display architectural requirements, followed by a
discussion of the possibility of the integration of intelligent building technologies in
the second chapter and discuss the most important opportunities presented by
technologies and challenges facing the indigenization and architectural requirements
for resettlement as well as practical examples of these technologies.

Second: The Analytical Method

Chapter Y: Methodology for the standards and terms of smart buildings evaluation in

Egypt:
This chapter provides an analytical study of the steps followed to reach the proposed

methodology for the standards and foundations of the implementation of smart
buildings by examining the standards and established the implementation of
intelligent systems and those inferred from the study of intelligent systems in
buildings in Part 1l and the study of the world's most evaluation techniques commonly
used and compare with them in order to get to the methodology proposed standards
the terms of evaluating smart buildings compatible with local realities in preparation
for application on a group of smart buildings in Egypt.

Third: The Applied Method

Chapter ¢: The application of the proposed methodology to a group of smart buildings
in Egypt:

this chapter is applied to the proposed methodology for the standards and terms of

evaluating smart buildings, which have been reached in the third chapter for a group

k
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of smart buildings in the Egypt, where this section begins with presentation for the
application and that exposure to the reasons for selecting these buildings, followed by
a recognition of these models of buildings public which forms in which public input
to the process of the application, and after the completion of the application, this
chaper ends with a discussion of the proposed assessment methodology to determine
the extent of the quality and effectiveness of these buildings when compared to smart
buildings in the world.

Chapter ©: Conclusions and recommendations
In this chapter is to clarify the most important results have been reached in the

research study, and then listed some of the recommendations that have been deduced

for use in future studies and research
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